Abstract
The study compared mortality from influenza and pneumonia in elderly people ( Recent years have witnessed important changes in Brazil's demographic structure, particularly with the aging of the country's population, with repercussions on the demand profile for health services 3 . In the elderly population, acute respiratory infections are an important cause of morbidity and mortality. Among these infections, an important proportion is caused by the influenza virus, frequently presenting complications from bacterial infections, resulting in pneumonia and exacerbation of chronic pulmonary and cardiac diseases, leading to hospitalization and even death 2, 4 . In the North of Brazil, mortality attributable to influenza was estimated at 9.2 per 100,000 persons-year in the elderly (60 years or older). In the South, with greater seasonal variation in climate, the estimate was higher: 86.6 deaths per 100,000 person-years 5 .
Influenza stands out among infectious diseases because of its pandemic potential. This behavior results from its antigenic variability due to frequent mutations, making the human population susceptible to annual epidemics. Annual updating of the vaccine against seasonal influenza thus becomes necessary, since the vaccine's formulation needs to be adjusted to protect against the circulating viral strains. Such adjustment is based on the identification of the most prevalent viral strains in the Southern Hemisphere in order for the vaccine (which is applied in mass campaigns in April and May) to induce its immune response before the colder season, more prone to annual epidemics 6, 7 .
Many countries in the Northern Hemisphere with temperate climates continuously document circulation of the influenza virus and its impact on morbidity and mortality. However, few studies have assessed the disease burden and the effectiveness of influenza vaccination in tropical countries, with non-temperate climates 8 . This emphasizes the importance of health surveillance, especially monitoring influenza and vaccination in countries with tropical and temperate climates. Due to its huge territory, Brazil presents relevant climatic variation between its major geographic regions, and these differences have been identified as relevant for orienting public health measures such as the choice of the ideal period for vaccination and use of antiviral drugs 9 .
Vaccination of elderly people aims to decrease influenza incidence, complications of the disease, and mortality in more vulnerable individuals 10, 11, 12, 13 . In 1999 (International Year of Older Persons), Brazil's Health Surveillance Secretariat, through the general coordinating body of the National Immunization Program (under the Department of Epidemiological Surveillance, Ministry of Health), launched the annual program for vaccination of the elderly against influenza, with a nationwide scope and extensive community participation 14 . Brazil is the country with the highest investment and coverage for vaccination of the elderly, surpassing the 70% target set by the Ministry of Health 14 . However, few studies have specifically assessed the measure's effectiveness 2, 15 .
The current study aims to explore hypotheses on the impact of vaccinating the elderly against influenza in Brazil, specifically estimating the reduction in mortality attributable to outbreaks of the disease in the Northeast and South of the country. The study specifically aimed to compare mortality in elderly people (65 years or older) due to influenza and pneumonia before and after annual vaccination was launched in the Northeast and South of Brazil, raising hypotheses on the climatic and socioeconomic differences between the two regions.
Methods
An ecological study was performed on mortality from influenza and pneumonia in the Northeast and South of Brazil from 1996 to 2008. Official data on mortality from influenza and pneumonia in the elderly (codes J10 to J18 of the International Classification of Diseases, 10 th Revision -ICD-10 -used by the Mortality Information System (SIM) since 1996) were collected in the Information Technology Department of the Unified National Health System (DATASUS; http://www.datasus. gov.br) under the Ministry of Health. Official population data were obtained from the Brazilian Institute of Geography and Statistics (IBGE; http://www.ibge.gov.br), as estimated per year by the institute, based on the general population censuses.
Weekly mortality rates were estimated (per 100,000 inhabitants) for the two regions, adjusted by the direct method 16 for differences in distribution of the number of deaths and population according to gender and age (65-69, 70-74, 75-79, and 80 years or older). The reference for the latter was the distribution of the Brazilian population in the last year of the study period.
Although the target age group for the influenza vaccination program is 60 years or older, this guideline has only been adopted since 2000, and the 60-64-year group was not included in 1999 4 . In addition, this age bracket has shown a lower percentage of vaccinated individuals 17 . These observations explain the study's methodological option of focusing on the 65 and older age bracket.
The reference period for the study was 1996 to 2008. The monitoring was not extended further, due to the occurrence of endemic influenza (H1N1) in 2009, which modified the disease's epidemiological profile, thus hindering the current study's comparative analysis for that year.
Likewise, the study did not include data from the years prior to 1996, due to an important change in the classification criterion for underlying cause of death introduced by the ICD-10. The Pan-American Health Organization (PAHO) recognized that the ICD-10 maintained the same structure from the 9 th Revision (ICD-9) and analogous categories for the classification of causes of death; however, the ICD-10 revised the rules for selection of the underlying cause of death, allowing pneumonia and bronchopneumonia to be considered terminal complications of malignant neoplasms, malnutrition, severe traumas, paralyses, and infectious diseases 18 . This change may have led to an important reduction in mortality which, if based on the previous criterion, would have been attributed to pneumonia and bronchopneumonia, with a concomitant increase in mortality due to the above-mentioned conditions 19, 20 . This observation aims explain the adoption of 1996 as the first year of monitoring, in order to avoid inclusion of data classified by ICD-9, with a presumable impact on the target comparisons for the current study.
To estimate the capacity of the SIM to recognize the underlying cause of death in the target age bracket, for each region we also calculated the annual proportion of sudden deaths from unknown causes, unattended deaths, and deaths from other ill-defined or unspecified causes (respective ICD-10 codes R96, R98, and R99).
Gender and age-adjusted weekly time series were constructed for mortality from influenza and pneumonia in the elderly in the South and Northeast regions. These time series were analyzed for magnitude, tendency, and seasonal variation. Statistical analysis used Stata 12 (Stata Corp., College Station, USA).
To identify outbreaks and estimate mortality specifically attributable to influenza, the study used the classic influenza surveillance model, originally described by Serfling 21 . This method is based on statistical prediction calculated with a simple linear regression equation using harmonic terms. According to this method, for each epidemiological week "t", estimated mortality Y(t) is determined by:
where b0 is the intercept of the regression analysis, b1 is the linear trend coefficient, b2-b5 the coefficients of seasonal variation, and ε the residual of the regression analysis.
The estimation is subsequently enhanced by the exclusion of the mortality observed during epidemic outbreaks, and readjustment of the equation. The epidemic threshold is calculated as the sum of the estimated values and the product of 1.645 (z value in the normal distribution corresponding to 95% likelihood of not occurring even higher values) and the standard deviation of the estimated values for each week.
Epidemic outbreaks of influenza are recognized when the observed mortality exceeds the epidemic threshold for at least two consecutive weeks. Excess mortality in influenza outbreaks is defined as the difference between the rates observed during epidemic weeks and the values predicted by the regression equation 21 . The values obtained with this method were compared between the regions and between the periods with and without vaccination. Table 1 shows the magnitude of mortality in the elderly due to influenza and pneumonia in the Northeast and South during the three-year period preceding the program and in the subsequent years. The mortality rates were systematically higher in the South, both before and after vaccination was implemented (Figures 1 and 2) . This region showed a 15.7% decline in the mean annual rate after introduction of the vaccine. However, the Northeast showed a 51% increase, indicating that there were more deaths attributed to influenza and pneumonia after introduction of the vaccine. Figures 1 and 2 indicate differences in seasonal variation between the two regions: in the Northeast, variation between seasons of the year was smaller, and the period with the highest mortality occurred earlier than in the South. In both periods, estimated mortality in the South reached its peak values between the 28 th and 31 st epidemiological weeks, corresponding to win-ter (approximately the 3 rd week of July to the 2 nd week of August). In the Northeast, peak mortality from influenza and pneumonia in the elderly occurred between the 17 th and 22 nd epidemiological weeks, corresponding to autumn (approximately the 4 th week of April to the 4 th week of May). These results are indicative of differences in the epidemiological profile of acute respiratory diseases in each region. Table 2 describes the number of outbreaks attributable to influenza in the two periods and in the two regions. Data for the period preceding vaccination show two peaks (excess mortality from influenza and pneumonia) attributable to influenza outbreaks in relation to expected values according to the models in the South, and four in the Northeast. The mean duration of these outbreaks and the excess mortality associated with them were higher in the South than in the Northeast.
Results
During the period in which the vaccination program was active, there was a substantial reduction in the indicators in the South: 55.2% fewer outbreaks, on average, per year; 86.1% shorter outbreaks, measured in number of weeks; and 98.9% fewer annual deaths attributed to these outbreaks. In the Northeast, the mortality attrib- Table 1 Mortality from pneumonia and influenza in the elderly (65 years or older): number of deaths and mortality rates (per 100,000 inhabitants) in the South and Northeast regions of Brazil before (1996) (1997) (1998) utable to influenza outbreaks increased during the period with vaccination. The difference between the variation profiles in mortality from influenza and pneumonia in the two regions was accompanied by a striking contrast in the proportion of deaths from ill-defined and unspecified causes. At the beginning of the study period, more than one-third of annual deaths in elderly people in the Northeast were classified in this category. This proportion subsequently decreased, more intensely after 2004, reaching 10% by the end of the study period. In the South, this measure also decreased during the study period, but at a lower level, always below 10% (Figure 3 ).
Discussion
The study showed that the introduction of influenza vaccination in the South of Brazil was accompanied by an important reduction in mortality from influenza and pneumonia in the elderly, in the mean number of annual influenza outbreaks, in the mean duration of outbreaks, and in the mortality attributable to them. The study also showed that equivalent reductions failed to occur in the Northeast. On the contrary, the Northeast showed an important increase in all these indicators during the vaccination period. The contrast between the epidemiological profiles of influenza in the elderly in the two regions is this study's most important result. The findings in the South are consistent with the hypothesis of the effectiveness of the annual influenza vaccination program in the elderly, corroborating previous studies. Ferrer et al. 22 observed a significant reduction in morbidity from respiratory diseases in the elderly in the State of Paraná after the annual vaccination program was introduced. Campagna et al. 11 reported a persistent decrease in mortality from pneumonia, influenza, bronchitis, and upper airway obstruction in the elderly during the period with vaccination, for Brazil as a whole and especially for the South and Southeast regions.
On the other hand, the results for the Northeast were not consistent with the hypothesis of the effectiveness of the annual vaccination program. This observation was also made in previous studies on the epidemiological profile of influenza in Northeast Brazil. Façanha 23 compared data on hospitalizations and deaths from 1995 to 2001 and found that vaccination of the elderly against influenza in Fortaleza, Ceará State, failed to produce favorable results. Based on a systematic literature review, Luna & Gattás 24 found that no reduction occurred in mortality and hospitalizations from influenza-related causes in the North and Northeast of Brazil.
In Brazil, influenza surveillance has been substantially intensified since the 1990s, when mass vaccination became feasible and was in fact implemented. However, the effectiveness of influenza vaccination in the elderly is still subject to international controversy and debate. These observations reinforce the importance of studies providing new results on this question.
In the 1990s, influenza vaccination was assessed as one of the medical interventions with the best cost-effectiveness ratio in the elderly population 7 . A meta-analysis on the vaccine's efficacy concluded that immunization against influenza was an indispensable part of healthcare for the elderly 25 . However, a later systematic review concluded that evidence in favor of the measure was only modest for communitydwelling elderly, and that it should only be recommended for elderly persons living in nursing homes and similar facilities 8 . In the United States, the Centers for Disease Control and Prevention (CDC) reiterated that influenza vaccination was more effective for elderly residents of long-term institutions, but also acknowledged its favorable effect in reducing the secondary complications of influenza, hospitalization, and death 26, 27 .
The current study provided an ecological time series analysis of mortality in two major geographic regions of Brazil. This design was not intended (nor is it able) to establish cause-andeffect relations. It is thus important to highlight a first limitation to the study, i.e., that it is only capable of analytically exploring hypotheses and mortality trends from influenza and pneumonia in the periods before and after the introduction of vaccination.
The analysis of influenza-associated mortality also displays limitations due to some characteristics of the disease. Its serious complications, such as bacterial pneumonia, are often diagnosed late or even without having identified primary infection with the influenza virus. It is estimated that major underreporting occurs with influenza-related hospitalizations and deaths 8 , thus justifying the evaluation of excess mortality from influenza and pneumonia during periods with outbreaks, as a proxy for deaths caused by influenza. This justifies monitoring seasonal variation, as done in the current study. This difficulty poses a limitation for all studies that aim to estimate the magnitude of mortality associated with this viral disease, a strategy widely used in influenza surveillance.
Another important limitation, especially in the Northeast, is the high proportion of deaths in the elderly in which the underlying causes were not objectively determined. The mortality system's lower capacity to identify the underlying cause of death may have been one of the factors explaining the lower magnitude of mortality from influenza and pneumonia in the elderly in the Northeast as compared to the South, which has been reported in other studies 5 . It is plausible that the increase in mortality from influenza and pneumonia in the Northeast is related to the steady reduction in the proportion of deaths in the elderly without identification of the underlying cause of death. Caution is thus recommended in interpreting the increase in mortality in the elderly associated with influenza outbreaks in the Northeast during the period with vaccination.
Quality improvement in recording causes of death does not explain the increase in mortality specifically attributable to influenza outbreaks in the Northeast. Rather, this increase in mortality suggests a flaw in the effectiveness of the strategy applied by the vaccination program in this region. In particular, there may be a mismatch between the season in which vaccination is conducted and the seasonal characteristics of influenza virus circulation in the region, different from the South and Southeast of Brazil 11, 24, 28 .
According to the current study, the phase with the highest estimated mortality from influenza and pneumonia occurs nearly three months earlier in the Northeast than in the South. In fact, previous studies had already shown a latitudinal gradient between the phases with the highest concentration of the disease in the regions of Brazil 5, 28, 29 , attributing this difference to the regions' respective climatic characteristics. Although there is no low-temperature season in the Northeast, seasonal increase in influenza transmission during the rainiest season has also been recorded in other studies 30, 31 .
In the South, the climate is subtropical, with more temperate characteristics: considerable variation in temperature over the year, mean annual temperature close to 20ºC, and 1,800mm in annual rainfall, with rains distributed throughout the region's territory 28, 29 . In the South, the season with the highest concentration of influenza is the winter, when the relative humidity is lower and the colder temperatures favor more contact in closed environments, thus in conditions that are more prone to transmission of respiratory infections.
The climate in the Northeast is tropical, with little variation in temperature over the year, a mean of some 25 º C, and some 1,000mm annual rainfall, mostly occurring in the autumn and along the coast, precisely the part of the region with the highest population density 3 . The slight temperature drop during the winter and the greater concentration of rains (and also contact in closed environments) could explain the differences in seasonal variation in influenza between the two regions 28, 29 .
One to two weeks after vaccination, protective antibodies can already be detected in healthy adults, but peak concentration only occurs four to six weeks after vaccination 32 . However, annual vaccination traditionally occurs throughout Brazil in the first two weeks of April (between the 14 th and 17 th epidemiological weeks). The timetable is well adjusted to the phase with highest influenza mortality in the South (28 th to 31 st epidemiological weeks), but it is too late for the Northeast (17 th to 22 nd epidemiological weeks).
These observations highlight the need for regional adjustment of the program in coming years, in order to increase its effectiveness. When vaccination occurs, viral circulation is already at its highest phases, without sufficient time to mount an effective immune response at the population level. Mello et al. 29 also observed the need to anticipate vaccination, even if it requires adopting the vaccine composition recommended for the Northern Hemisphere. Adjustment of the time of vaccination to the time of greatest viral circulation is a critical question that influences the vaccine's effectiveness and should be considered in Brazil's health planning. 
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